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Abstract

Objectives: In vitro studies were performed to investigate the effects of irradiating incisor enamel with a 9.3 ym CO, laser in
enhancement of whitening, stain resistance and surface hardness.

Methods: A 9.3 um CO, laser beam was used to irradiate the labial surface of incisors with 0.8 ] /cm? pulse fluence at 333 Hz
automatically scanning a 5.8 mm? area for 0.381 seconds repeated to cover the whole teeth surface. The teeth were divided into
three groups of n=10 each: a control group that received 40% H,0, gel for 20-minutes application time, an irradiated group
followed with two 10-minute gel applications, and another irradiated group followed with two 20-minute gel applications.
A spectroscopy device was used to analyze the overall color change (delta E) and degree of whitening. A 24-hour tea stain
protocol was used to investigate the uptake of stain after the treatment procedure. Additionally, a small flat polished area on
each sample was used to investigate microhardness before and after an acid challenge with pH 3.6 citric acid buffer.

Result: Both irradiated groups showed an enhanced whitening effect, with a delta E that was 1-2 higher than the H,0, gel
control group. The 10-minute application time was sufficient to reach the full benefit from irradiation. The irradiated groups
showed increased resistance to acid solubility and reduced the absorption of tea stain.

Conclusion: Irradiation with a 9.3 um CO, laser before application of whitening gel on incisor enamel increased the effect of

whitening in half the time. It also provided an increased resistance to acid attack and staining.
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Introduction

A substantial amount of work has been done in the
development of tooth whitening techniques [1-3]. These
methods generally involve the use of hydrogen peroxide
or carbomide peroxide to oxidize and remove organic
chromophores that produce discoloration [4,5]. However,
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there are many known side effects caused by the use of
these compounds, especially at concentrations commonly
used in the clinic [5]. Such effects include damage to the oral
mucosa, digestive issues after swallowing, and pulp and gum
sensitivity. Generally, hypersensitivity peaks soon after the
procedure and diminishes within a week [6]. An additional
problem is that traditional treatments often require multiple
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applications of bleach and repeated visits.

In an effort to improve on the side effects of whitening
with bleaching gels, new technologies have been developed
with a goal of speeding up the procedure, reducing the
active ingredient concentrations, or improving sensitivity,
and reducing the number of treatments needed [7]. Among
these technologies, power bleaching through light-activated
chromophores has been a primary focus showing an
improvement on whitening in less time and fewer treatments
[8,9]. Despite their success, additional side effects may occur.
Since this method requires heating the bleach and enamel
through light absorption, undesired heating of the pulp and
discomfort to the patient may occur [9,10]

In this study, a novel approach was taken using a 9.3
um CO, to safely modify the tooth surface before application
with a hydrogen peroxide bleach gel in order to improve the
outcome of whiteningand speed up the overall treatment. This
type of sub-ablative laser irradiation at a 9.3 pym wavelength
has been demonstrated to reduce demineralization of enamel
from acid erosion [11-13].and carious lesion formation [14-
16].

The high absorbance at this wavelength allows for a
rapid and controlled superficial heating to the necessary
temperatures to remove carbonate groups without additional
damage to the enamel structure [11-17]. The changes to
the surface caused by this irradiation are not visible to the
naked eye and are considered safe. Furthermore, the enamel
will remineralize in saliva, and particularly when combined
with fluoride, will provide a highly acid-resistant layer [15-
18]. The benefit of this enhanced acid resistance from laser
irradiation was studied here through a staining protocol
after completion of the whitening treatment in vitro.

Materials and Methods

Study Design and Sample Preparation

The study design is outlined in Figure 1. A total of 30
human incisors in sound condition and with no signs of
fluorosis or caries were obtained, cleaned, disinfected and
transported in 0.1% thymol to prevent microbial growth
before use (Therametric Technologies, Inc., Nobelsville, IN).
These teeth were selected from a batch to ensure that all
had a starting classical Vita Shadeguide (Vita, Zahnfabrik,
Germany) value of 8 or higher on a scale of 1-16. The roots
were removed by a diamond saw (Isomet, Buehler, Lake
Bluff, IL) and the samples were mounted in Durabase hard
chairside reline (Reliance Dental Mfg, Alsip, IL) with the
labial surface up (and all other surfaces covered). The
samples were then cleaned gently with a standard rotary
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polisher and pumice paste. To prepare for microhardness
measurements, a ~3 mm diameter area toward the bottom of
the enamel surface was formed by serially polishing up to a
1 pm diamond grit finish (Forcipol 1V with Forcimet, Metkon
Instruments, Inc., Bursa, Turkey).

Samples were left in a 1:3 slurry of toothpaste (Crest
cavity protection, Proctor and Gamble, Inc., Cincinnati, OH)
to distilled water for 1 minute. The samples were then placed
into a CaPO, Tris-HCI pH 7.1 remineralization buffer solution
overnight.

The samples were randomized into 3 groups of n=10, and
baseline spectroscopy and microhardness measurements
were obtained. Group 1 was a control group with 40%
whitening bleach (Opalescence Boost, Opalescence, South
Jordan, UT) for 2 applications of 20 minutes; group 2 samples
were irradiated with the laser, followed by two applications
of the same whitening bleach for 10 minutes each; group 3
were irradiated with the laser, followed by two applications
of the same whitening bleach for 20 minutes each. The
whitening gel was placed on the entire tooth surface to a
thickness of about 1 mm.

Spectroscopy measurements were taken between each
application of bleach. After the 2" application, samples were
stored in remineralization solution, and microhardness
measurements were taken. Samples were gently mixed
in the fluoride slurry for 1 minute, and then placed in
remineralization buffer for 7 days at room temperature.
Spectroscopy and microhardness measurements were
obtained again, after which the samples were subject to an
acid challenge by exposing them to a citric acid buffer of
pH 3.6 for 6 minutes. Measurements were then taken, and
the samples were then placed in a fresh remineralization
solution for one week. Spectroscopy measurements were
then obtained. The samples were placed in a tea stain for 24
hours, and a final spectroscopy measurement of each sample
was obtained.

Laser Settings

Laser irradiation was performed using a 9.3 pm CO,
laser (Solea, Convergent Dental, Inc., Needham, MA). A beam
diameter of 1 mm was scanned over a ~7 mm area at a pulse
repetition rate of 750 Hz. Pulses had a fluence of about 0.8
J/cm? on this system by setting the optical pulse duration of
the laser to 20 ps, which provides the median fluence used
in a previous study with similar parameters '*. The distance
from the tip of the handpiece output to the sample surface
was maintained at a set position of 10 mm. A continuous
airflow out of the handpiece was maintained at about 9 L/
min for cooling the tooth.
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Spectroscopy Measurements of Whitening

The effect of tooth whitening was measured by a
spectroscopy method. Spectroscopy was done using a color/
shade measurement device (MHT Spectroshade Micro,
Oxnard CA), with tooth surfaces wet and the mounted
samples placed in a black box. The device outputs brightness
(L), red-green axis (a), and blue-yellow axis (b) values for
each measurement. These values are combined into one
value, AE, 192 which represents the overall color change
between a pair of measurements, calculated by:

Higher AE values indicate a greater effect of whitening,
and should be associated with anincrease in L, and a decrease
in a and b. These values were calculated at each step of the
experiment for the 3 groups. A standard ~5 mm circular
region close to the center of the incisors was used, while
avoiding the flattened area that was used for microhardness
measurements. To reduce variations in measurements, a
black box was used to encase the samples and device opening
and remove any interference caused by ambient lighting.

Microhardness Measurements

A microhardness tester Matsuzawa Seiki DMH-2,
(Matsuzawa, Akita Pref, Japan) was used with a Knoop
diamond tip and a load of 50 g, with a 10 sec dwell time. 5
indents were taken on each sample at each experiment step
and averaged. Indent lengths were measured in a digital
microscope (RH-2000, Hirox-USA, Inc., Hackensack, NJ)
at 1000x magnification. Indent lengths were converted to
Knoop hardness (KHN) using the following formula:
KHN=g/(0.0703*L"2)
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where g is the load in grams, and L is the indent length in
millimeters.

Staining Protocol

Two bags of Lipton black tea were placed in 500
ml of boiled water for 10 minutes, and then cooled to
room temperature. The samples were removed from
the remineralization solution and gently cleaned with a
toothbrush for 30 seconds. The samples were then left in the
tea for 24 hours.

Statistical Analysis

Data were analyzed in Minitab 18 (Minitab, Inc. State
College, PA) using one-way ANOVA and post-hoc Tukey tests
for pairwise comparisons.

Results

Irradiated samples in both groups 2 and 3 produced
an overall larger increase in brightness and delta E after
both bleach applications, and this increase persisted after
remineralization of the outer enamel. Example images
showing the different in whitening are shown in Figure 1.
The data sets for delta E and delta L are plotted in Figure
2. The overall change in delta E and delta L were 1-2
values higher for the irradiated groups than the bleach
control group, with a significant difference (p < 0.05). This
difference was observed after both bleach applications and
remineralization.

Figure 1: Example images of the incisors before (left) and after (right) two applications of bleach. The incisors in the irradiated
groups showed larger increases in brightness and delta E as compared to the non-irradiated group.

Badreddine AH and Kerbage C. Enhanced Enamel Whitening, Surface Hardness and Stain Resistance

Copyright© Badreddine AH and Kerbage C.

by 9.3-um CO, Laser Irradiation: An In-Vitro Pilot Study. ] Dental Sci 2022, 7(4): 000351.


https://medwinpublishers.com/OAJDS/

Open Access Journal of Dental Sciences

Figure 2: A) Delta E measurements of whitening (shown with standard deviation bars) after two applications of bleach and
one week in remineralization solution. The laser treated groups (2 and 3) produced a significantly higher delta E compared to
the bleach control group. B) Delta L measurements of the change in brightness for the same time points and groups.

Figure 3 shows the Knoop microhardness measurements around 7% (p < 0.05). After remineralization, groups 2 and 3
for the groups. The initial Knoop hardness values for the were both significantly harder than the bleach control group
three groups prior to the experiment averaged 280 and were 1. After acid challenge, all three groups exhibited a decrease
not significantly different. Groups 1 and 2 were not different in hardness, but the bleach control group was around 40%
after the bleach applications, but group 3 was smaller by softer than the irradiated groups.

Figure 3: Knoop microhardness measurements for the three groups after two applications of bleach each for 20 minutes
(groups 1 and 3) or 10 minutes (group 2). Both groups of laser irradiated samples (groups 2 and 3) showed an enhanced
hardness after remineralization relative to the bleach controls (group 1), and a higher retention of mineral content after the
acid challenge.
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Images of the incisors before and after the 24 hour
tea stain are shown in Figure 4A. The stain appeared to be
more strongly absorbed into the non-irradiated incisors.
Delta E values for the three groups are shown in Figure 4B.
These values were inverted since the changes in L, a and b
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values were all negative. The overall color change for the
bleach control group was larger than the irradiated groups,
indicating that groups 1 samples experienced a higher
degree of staining. Additionally, group 3 showed a larger
color change than group 2.

lowest decrease in delta E from staining.

Figure 4: A) Example images of mounted incisors before (left) and after (right) 24 hours of staining in black tea. The teeth
irradiated before bleaching gel demonstrated a reduced overall uptake of the stain.

B) Inverted delta E values for the three groups after 24 hours in a tea stain. Negative values indicate a shift in brightness and
color toward the darker and redder/yellower. The bleach control group showed a higher degree of staining compared to both
laser irradiated groups. Group 2, which was exposed only to two applications of bleach at 10 minutes each, demonstrated the

Discussion

An enhancement of the whitening effects of a standard
40% whitening bleach gel was obtained by performing a
pre-treatment of the enamel surface using sub-ablative 9.3
um CO, laser irradiation. Changes to the enamel surface
caused by this irradiation include a minor structural effect
in the form of superficial crazing [15-21], and a chemical
modification in the form of the removal of water, organic
components, and carbonate groups [17-22].

These changes may temporarily enhance the passage of
hydrogen peroxide into the enamel during bleaching, which
could explain the increased whitening effect observed using
irradiation before bleach gel. Additionally, heat generated
from laser irradiation is well in excess of the burning
point of organic matter in the enamel [23], and a removal
of that potentially stained matter may also help explain
the observed whitening benefit of the laser. Furthermore,
since this enhancement from irradiation persisted after
remineralization, whitening caused solely by desiccation can
be ruled out. The effects of desiccation or accumulating heat
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have been demonstrated to not be an issue using very similar
irradiation conditions [15].

Whitening values presented here are similar with power
bleaching data reported using other lasers, despite the
technique being the opposite workflow of laser irradiation
before bleach application [24-27]. Delta E is a value
representing overall color change, but it is hard to interpret
its meaning clinically, and it may be easily affected by the
particular device used. Traditionally, the effects of whitening
were measured using reference shade guides such as the
classical Vita shade guide [2]. We found through previous
testing (not shown in this study) that the spectroscopy
device used here corresponds to a Vita shade guide change of
roughly 50% more than the delta E value calculated. For the
whitening data, this would indicate that the irradiated groups
produced an overall improvement of over 6 shades, while the
bleach alone improved whitening by a little over 4 shades.
This could be further investigated clinically with direct
measurements in a blinded study, along with spectroscopy
measurements.
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The enhanced acid resistance from 9.3 um CO, laser
irradiation was expected, but to the authors knowledge,
the data presented here is the first to show that this acid
resistance is maintained after the use of a whitening bleach
gel. This is significant, as it suggests that the effect of laser-
enhanced whitening may provide a longer-lasting benefit,
since a non-irradiated surface will erode away sooner,
rendering the non-bleached underlying enamel or yellower
dentin more visible. Since most stain-producing foods are
acidic in nature, this acid resistance would be expected
to also provide a lasting benefit in preventing stains from
penetrating into the enamel subsurface. Indeed, the data
shown in this study provides evidence in vitro that this may
be the case.

Conclusion

Irradiation with a 9.3 um CO, laser before application of
a standard whitening gel provides an enhanced whitening
by up to 50% in half the application time, and with no
significant damage or adverse effects. An additional benefit
of this treatment is the generation of an acid-resistant layer
which prevents erosive losses and reduces the potential
for penetration of stains from acidic foods. Further clinical
studies need to be performed to validate the in-vitro study
results and evaluate any benefits for reduced tooth sensitivity
and irritation.
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